
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

Clinical Microbiology and Infection 27 (2021) 1336e1344
Contents lists avai
Clinical Microbiology and Infection

journal homepage: www.cl in icalmicrobiologyandinfect ion.com
Original article
Non-occupational and occupational factors associated with specific
SARS-CoV-2 antibodies among hospital workers e A multicentre
cross-sectional study

Christian R. Kahlert 1, 2, y, Raphael Persi 1, y, Sabine Güsewell 3, Thomas Egger 1,
Onicio B. Leal-Neto 4, 5, Johannes Sumer 1, Domenica Flury 1, Angela Brucher 6,
Eva Lemmenmeier 7, J. Carsten M€oller 8, Philip Rieder 9, Reto Stocker 9,
Danielle Vuichard-Gysin 10, 11, Benedikt Wiggli 12, Werner C. Albrich 1,
Baharak Babouee Flury 1, Ulrike Besold 13, Jan Fehr 14, Stefan P. Kuster 15,
Allison McGeer 16, Lorenz Risch 17, 18, 19, Matthias Schlegel 1, Andr�ee Friedl 12,
Pietro Vernazza 1, y, Philipp Kohler 1, *, y

1) Division of Infectious Diseases and Hospital Epidemiology, Cantonal Hospital St Gallen, St Gallen, Switzerland
2) Children’s Hospital of Eastern Switzerland, Department of Infectious Diseases and Hospital Epidemiology, St Gallen, Switzerland
3) Clinical Trials Unit, Cantonal Hospital of St Gallen, St. Gallen, Switzerland
4) Epitrack, Recife, Brazil
5) Department of Economics, University of Zurich, Zurich, Switzerland
6) Psychiatry Services of the Canton of St Gallen (South), St Gallen, Switzerland
7) Clienia Littenheid AG, Private Clinic for Psychiatry and Psychotherapy, Littenheid, Switzerland
8) Centre for Neurological Rehabilitation, Zihlschlacht, Switzerland
9) Hirslanden Clinic, Zurich, Switzerland
10) Thurgau Hospital Group, Division of Infectious Diseases and Hospital Epidemiology, Muensterlingen, Switzerland
11) Swiss National Centre for Infection Prevention (Swissnoso), Berne, Switzerland
12) Division of Infectious Diseases and Hospital Epidemiology, Kantonsspital Baden, Baden, Switzerland
13) Geriatric Clinic St Gallen, St. Gallen, Switzerland
14) Department of Public and Global Health, University of Zurich, Zurich, Switzerland
15) Division of Infectious Diseases and Hospital Epidemiology, University Hospital and University of Zurich, Zurich, Switzerland
16) Sinai Health System, Toronto, Canada
17) Labormedizinisches Zentrum Dr Risch Ostschweiz AG, Buchs, Switzerland
18) Private Universit€at im Fürstentum Liechtenstein, Triesen, Liechtenstein
19) Centre of Laboratory Medicine, University Institute of Clinical Chemistry, University of Bern, Inselspital, Bern, Switzerland
a r t i c l e i n f o

Article history:
Received 8 December 2020
Received in revised form
26 April 2021
Accepted 5 May 2021
Available online 19 May 2021

Editor: L. Scudeller

Keywords:
COVID-19
Healthcare workers
Risk factors
* Corresponding author: Philipp Kohler, Division o
Switzerland.

E-mail address: philipp.kohler@kssg.ch (P. Kohler)
y Contributed equally.

https://doi.org/10.1016/j.cmi.2021.05.014
1198-743X/© 2021 The Author(s). Published by Elsevie
the CC BY-NC-ND license (http://creativecommons.or
a b s t r a c t

Objectives: Protecting healthcare workers (HCWs) from coronavirus disease-19 (COVID-19) is critical to
preserve the functioning of healthcare systems. We therefore assessed seroprevalence and identified risk
factors for severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) seropositivity in this
population.
Methods: Between 22 June 22 and 15 August 2020, HCWs from institutions in northern/eastern
Switzerland were screened for SARS-CoV-2 antibodies. We recorded baseline characteristics, non-
occupational and occupational risk factors. We used pairwise tests of associations and multivariable
logistic regression to identify factors associated with seropositivity.
Results: Among 4664 HCWs from 23 healthcare facilities, 139 (3%) were seropositive. Non-occupational
exposures independently associated with seropositivity were contact with a COVID-19-positive house-
hold (adjusted OR 59, 95% CI 33e106), stay in a COVID-19 hotspot (aOR 2.3, 95% CI 1.2e4.2) and male sex
(aOR 1.9, 95% CI 1.1e3.1). Blood group 0 vs. non-0 (aOR 0.5, 95% CI 0.3e0.8), active smoking (aOR 0.4, 95%
CI 0.2e0.7), living with children <12 years (aOR 0.3, 95% CI 0.2e0.6) and being a physician (aOR 0.2, 95%
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Seroprevalence
Switzerland
CI 0.1e0.5) were associated with decreased risk. Other occupational risk factors were close contact to
COVID-19 patients (aOR 2.7, 95% CI 1.4e5.4), exposure to COVID-19-positive co-workers (aOR 1.9, 95% CI
1.1e2.9), poor knowledge of standard hygiene precautions (aOR 1.9, 95% CI 1.2e2.9) and frequent visits to
the hospital canteen (aOR 2.3, 95% CI 1.4e3.8).
Discussion: Living with COVID-19-positive households showed the strongest association with SARS-CoV-
2 seropositivity. We identified several potentially modifiable work-related risk factors, which might
allow mitigation of the COVID-19 risk among HCWs. The lower risk among those living with children,
even after correction for multiple confounders, is remarkable and merits further study. Christian
R. Kahlert, Clin Microbiol Infect 2021;27:1336
© 2021 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology

and Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Coronavirus disease 2019 (COVID-19) is currently afflicting
healthcare systems around the globe. As of 9 March 2021, over 2.6
million COVID-19 deaths have been reported worldwide [1]. In
Switzerland, over 550 000 COVID-19 cases have been reported,
more than 23 000 patients have been hospitalized and over 9000
have died [2]. Seroprevalence studies among Swiss healthcare
workers (HCWs) performed in March and April 2020 have shown
a low prevalence of 1% in the eastern part of the country, and a
higher prevalence of around 10% in the western part [3,4]. Studies
from different countries suggest that HCWs are at increased risk to
acquire severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) compared with the general population [5e7]. In the
UK, HCWs and their household contacts accounted for a sixth
of all COVID-19 cases admitted to the hospital for those aged
18e65 years. This risk was increased for HCWs involved in patient
care [8]. Considering these data, it is imperative to better under-
stand risk factors for SARS-CoV-2 acquisition among HCWs to
better protect them from infection.

In this multicentre study from Switzerland, we aimed to assess
the prevalence of antibodies against SARS-CoV-2 among HCWs
with and without patient contact. Additionally, we identified non-
occupational and occupational factors associated with seroposi-
tivity to inform prevention recommendations for this population.

Materials and methods

Study design and participants

We initiated a multicentre cross-sectional study between 22
June and 15 August 2020 in healthcare institutions located in
northern and eastern Switzerland. COVID-19 incidence was very
low (7-day average between 0.6 and 3.2 cases/100 000 population)
in Switzerland during the recruitment phase [2]. Acute care hos-
pitals, rehabilitation clinics, and geriatric and psychiatric clinics
were asked to participate. Employees aged 16 years or older were
invited to enrol into the study via institutional webpages. Em-
ployees registered online and provided electronic consent. The
study was approved by the local ethics committee (#2020-00502).

Questionnaire and definitions

We implemented a multimodular digital web-based question-
naire for institutions (including questions about facility structure)
and participants. Participants received an email invitation to the
questionnaire after blood draw for serology (but before being
informed of the test result) and were asked about anthropometric
data, occupational and non-occupational risk exposures and pre-
vious SARS-CoV-2 nasopharyngeal swabs. Household contacts were
defined as people living in the same household or intimate part-
ners; close contact to COVID-19 patients was assumed for those
with contact>15minutes within 2meters with or without personal
protective measures (PPE); aerosol-generating procedures (AGPs)
were defined according to guidelines of the Swiss Centre for
Infection Prevention (Swissnoso) and included mainly intubation,
tracheotomy, non-invasive ventilation and bronchoscopy. Poor
knowledge of standard precautions was assumed for those who
correctly identified fewer than three measures out of (hand hy-
giene, surgical mask in case of respiratory symptoms, gowns in case
of potential contamination with body fluids, cough etiquette and
vaccination). Low protection while caring for COVID-19 patients
was assumed for those reporting fewer than three measures out of
face masks, gloves, gowns and goggles.

Sample processing

Upon registration, a venous blood sample was collected on site.
Total antibodies directed against the nucleocapsid-(N)-protein of
SARS-CoV-2 were detected by an electro-chemiluminescence
immunoassay (ECLIA, Roche Diagnostics, Rotkreuz, Switzerland)
on a COBAS 6000 instrument [9]. For this test, a sensitivity and
specificity of 88% (at 3 weeks after infection) and >99%, respec-
tively, have been reported [10]. A subgroup of samples with a
positive signal in the ECLIA (at a cut-off index, COI, �1) were also
tested with an enzyme-linked immunosorbent assay (ELISA,
Euroimmune, Germany, detection each of IgG and IgA antibodies
against S1 domain of the spike-(S)-protein including the immu-
nologically relevant receptor binding domain). Seropositivity cut-
offs were applied following manufacturer recommendations.
Seropositivity was defined as a positive result in the ECLIA.

Statistical analysis

The relative frequency of participants with positive and negative
serology was compared between levels of baseline characteristics,
non-occupational risk factors and occupational risk factors. Fisher's
exact test was used for dichotomous factors or factors with a
reference level, comparing each level to the reference. Individuals
withmissing datawere removed from the analysis of the respective
variable. Logistic regression was used for numeric and ordinal
variables. To evaluate which characteristics appeared to influence
seropositivity after adjusting for possible confounders, age, sex,
body mass index (BMI), blood group, smoking status, comorbidities
as well as non-occupational and occupational risk factors were
entered additively into a multivariable logistic regression model
with serostatus at baseline (positive or negative) as response (see
Table S2 for the definition and coding of covariables and Table S3
for methodical details of variable selection, model fitting and
assessment). To assess whether spatial proximity or clustering of
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observations confounded the effects of the risk factors, we fitted
two additional models including place of residence (seven pre-
defined regions) and institution either as fixed effects or as
random effects. An additional sensitivity analysis (complete case
analysis) was performed excluding observations with missing data
(Table S4). Analyses were performed with R statistical software,
version 4.0.2.
Results

Baseline characteristics

We included 17 institutions on 23 sites across northern and
eastern Switzerland, thereof 19 inpatient sites (14 acute care; one
geriatric clinic; one rehabilitation clinic; three psychiatric clinics)
and four outpatient clinics (three psychiatric facilities; one blood
donation centre). The total of represented patient beds was 3523
(thereof 106 ICU beds) (Table 1).

Among 17 060 potentially eligible HCWs, median age was
40 years, 76% were female, 40% were nurses and 15% physicians. Of
these, 4664 (27%) participated in the study. Median age of partici-
pating HCWs was 38 years (range 16e73); 3654 (78%) were female.
The majority were nurses (n ¼ 2126; 46%) followed by physicians
(n ¼ 776; 17%); 3676 (79%) reported having patient contact
(Table 2).
Seropositivity and self-reported PCR results

Overall, seropositivity was 3% (139/4664). Among these 139, 88
(63%) were tested with the confirmatory ELISA with 88 samples
showing either positive IgA or IgG. At the institutional level, sero-
positivity ranged from 0.5% to 4.2% for inpatient, and 0% to 2.3% for
outpatient facilities (Table 1). Seropositivity by district ranged from
0% to 13% and was lower in eastern than in northern Switzerland
(Fig. 1).

A previous PCR result was reported by 864 of 4664 (18.5%)
participants. Of 72 participants with positive PCR, 66 (92%) were
seropositive, whereas 17/792 (2.2%) participants with negative PCR
had a positive serology (Table 2).
Table 1
Characteristics of the institutions from which participants were recruited (n ¼ 17) inclu
workers working in institution, number of study participants and seropositivity

Type of institution Sites (n) Inpatients
(yes vs. no)

Beds (n) ICU beds (n)

Total 23 NA 3523 106
Acute care A 3 yes 765 36
Acute care B 1 yes 370 10
Acute care C 3 yes 304 7
Acute care D 1 yes 74 0
Acute care E 1 yes 46 0
Acute care F 1 yes 246 9
Acute care G 1 yes 310 12
Acute care H 1 yes 330 18
Acute care I 1 yes 129 6
Acute care J 1 yes 100 8
Geriatric acute care K 1 yes 98 0
Rehabilitation clinic L 1 yes 135 0
Psychiatric clinic M 1 yes 242 0
Psychiatric clinic N 1 yes 150 0
Psychiatric clinic O 1 yes 224 0
Psychiatry P 3 no NA NA
Blood donation Q 1 no NA NA

ICU, Intensive Care Unit; HCWs, healthcare workers.
Non-occupational factors associated with seropositivity

Exposure to COVID-19 confirmed (55.7% vs. 2.1%, p < 0.001) or
symptomatic, not confirmed household contacts (5.5% vs. 1.9%,
p < 0.001) was strongly associated with seropositivity. Visiting a
known COVID-19 hotspot in Austria (but not Italy or France) was
clearly associated with seropositivity (6.8% vs. 2.8%, p 0.002).
Seroprevalencewas lower among thosewith blood group 0 vs. non-
0 (1.8% vs. 3.5%, p 0.002) and for those living with children aged 12
or younger (1.7% vs. 3.4%, p 0.002) (Tables 2 and S2).

Occupational factors associated with seropositivity

Nurses had higher (3.9%), physicians lower (1.0%) seropositivity
rates; no differences were noted between medical specialities.
Seroprevalence was higher among those with patient contact (3.1%
vs. 1.7%, p 0.037), particularly contact to confirmed COVID-19 pa-
tients (4.1% vs. 1.7%, p < 0.001). Workers indicating low protection
while caring for COVID-19 patients (5.8% vs. 3.5%, p 0.019) and
those with poor knowledge of hygiene standards had higher sero-
positivity (4.1% vs. 2.6%, p 0.018) (Fig. 2A,B). Numbers of unpro-
tected contacts to COVID-19 confirmed or symptomatic co-workers
were associated with seropositivity (Fig. 2C). Workers who never/
occasionally visited the hospital canteen had a lower seropreva-
lence compared to those with weekly/daily visits (1.9% vs. 3.5%, p
0.004) (Fig. 2D). This effect was consistent across institutions and
professions (Table S1).

Multivariable analyses

In multivariable analysis, exposure to a COVID-19-positive
household member remained the strongest risk factor for sero-
positivity with an adjusted odds ratio (aOR) of 59 (95% CI 33e106)
(Fig. 3 and Table S3). There was an increased risk associated with
male sex (aOR 1.9, 95% CI 1.1e3.1) and stay in a COVID-19 hotspot
(aOR 2.3, 95% CI 1.2e4.2), whereas blood group 0 (aOR 0.5, 95% CI
0.3e0.8), active smoking (aOR 0.4, 95% CI 0.2e0.7) and living
with children <12 years (aOR 0.3, 95% CI 0.2e0.6) were all associ-
ated with decreased risk after correcting for multiple confounder
variables.
ding number of sites (different cities), number of beds, total number of healthcare

HCWs (n) HCWs in
study (n)

HCWs in study (%) Seropositive
HCWs (n)

Seropositive
HCWs (%)

17 060 4664 27 139 3.0
5930 1074 18 37 3.4
2245 1023 46 39 3.8
1367 534 39 9 1.7
362 109 30 3 2.8
178 66 37 1 1.5
749 169 23 7 4.1
740 171 23 3 1.8
1788 448 25 18 4.0
525 159 30 4 2.5
632 109 17 3 2.8
265 123 46 3 2.4
510 168 33 7 4.2
360 190 53 1 0.5
391 108 28 1 0.9
780 98 13 1 1.0
178 88 49 2 2.3
60 27 45 0 0.0



Table 2
Distribution of baseline characteristics, non-occupational and occupational factors, and self-reported PCR results among the study participants, and distribution of serostatus
for each level of the factors (n and % if not stated otherwise)

Total
n ¼ 4664

Missing
valuesa

Seropositive
n ¼ 139

Seronegative
n ¼ 4525

OR with 95% CIb p

Gender 27
Female 3654 105 (2.9%) 3549 (97.1%) ref d

Male 983 34 (3.5%) 949 (96.5%) 1.21 (0.79e1.81) 0.343
Age, median (IQR), OR per 10 years 38.3

(29.7e49.5)
10 35.5 (26.8e46.8) 38.4 (29.7e49.6) 0.83 (0.71e0.96) 0.012

BMI, median (IQR), OR per unit 23.4
(21.3e26.2)

11 24.2 (22.2e27.1) 23.4 (21.3e26.1) 1.03 (1.00e1.07) 0.078

Smoking status 0
Never 2891 96 (3.3%) 2795 (96.7%) ref d

Active 822 16 (1.9%) 806 (98.1%) 0.58 (0.32e0.99) 0.049
Former 951 27 (2.8%) 924 (97.2%) 0.85 (0.53e1.33) 0.525
Comorbidity 0
No 3021 80 (2.6%) 2941 (97.4%) ref d

Yes 1643 59 (3.6%) 1584 (96.4%) 1.37 (0.96e1.95) 0.072
Blood group (OR: one group vs. all others) 65
A 1396 51 (3.7%) 1345 (96.3%) 1.37 (0.95e1.97) 0.090
AB 161 6 (3.7%) 155 (96.3%) 1.27 (0.45e2.91) 0.482
B 354 14 (4.0%) 340 (96.0%) 1.38 (0.72e2.43) 0.254
0 1383 25 (1.8%) 1358 (98.2%) 0.51 (0.32e0.80) 0.002
I don't know 1305 41 (3.1%) 1264 (96.9%) 1.08 (0.73e1.58) 0.701
Influenza vaccine 2019/2020 89
No 3159 102 (3.2%) 3057 (96.8%) ref d

Yes 1416 35 (2.5%) 1381 (97.5%) 0.76 (0.50e1.13) 0.189
BCG vaccine 66
No 1586 55 (3.5%) 1531 (96.5%) ref d

Yes 1908 49 (2.6%) 1859 (97.4%) 0.73 (0.49e1.11) 0.134
I don't know 1104 34 (3.1%) 1070 (96.9%) 0.88 (0.56e1.39) 0.661
No of respiratory tract infections/year 0
0 or 1 3862 105 (2.7%) 3757 (97.3%) ref d

2 to 4 776 31 (4.0%) 745 (96.0%) 1.49 (0.96e2.26) 0.062
5þ 26 3 (11.5%) 23 (88.5%) 4.66 (0.88e15.8) 0.034
No of persons in household 0
1 (OR per person) 814 17 (2.1%) 797 (97.9%) 0.94 (0.82e1.08) 0.383
2 1660 64 (3.9%) 1596 (96.1%)
3 778 22 (2.8%) 756 (97.2%)
4 957 29 (3.0%) 928 (97.0%)
5þ 455 7 (1.5%) 448 (98.5%)
No of children �12 years 0
0 (OR per person) 3526 120 (3.4%) 3406 (96.6%) 0.70 (0.52e0.90) 0.010
1 492 6 (1.2%) 486 (98.8%)
2 509 12 (2.4%) 497 (97.6%)
3þ 137 1 (0.7%) 136 (99.3%)
Confirmed COVID-19 case in household 0
No 4585 95 (2.1%) 4490 (97.9%) ref d

Yes 79 44 (55.7%) 35 (44.3%) 59.1 (35.4e99.9) <0.001
Symptomatic household contact 0
No 3269 62 (1.9%) 3207 (98.1%) ref d

Yes 1395 77 (5.5%) 1318 (94.5%) 3.02 (2.12e4.32) <0.001
Visit to a COVID-19 hotspotc 0
No 4413 122 (2.8%) 4291 (97.2%) ref d

Yes 251 17 (6.8%) 234 (93.2%) 2.55 (1.42e4.35) 0.002
Leisure activities

(currently; OR for with vs. without activity)d
0

Visit to restaurant/bar 2783 84 (3.0%) 2699 (97.0%) 1.03 (0.72e1.49) 0.930
Sport club 833 28 (3.4%) 805 (96.6%) 1.17 (0.74e1.79) 0.499
Fitness/yoga classes 1462 49 (3.4%) 1413 (96.6%) 1.20 (0.82e1.73) 0.309
Theatre/concerts 112 4 (3.6%) 108 (96.4%) 1.21 (0.32e3.27) 0.577
Cinema 290 14 (4.8%) 276 (95.2%) 1.72 (0.90e3.05) 0.071
Religious gatherings 228 6 (2.6%) 222 (97.4%) 0.87 (0.31e1.99) 1.000
Singing in choir 59 2 (3.4%) 57 (96.6%) 1.14 (0.13e4.41) 0.695
Active group musician 110 4 (3.6%) 106 (96.4%) 1.24 (0.33e3.33) 0.570
No of leisure activities above 0
0 (OR per activity) 1045 25 (2.4%) 1020 (97.6%) 1.13 (0.95e1.34) 0.169
1 1875 55 (2.9%) 1820 (97.1%)
2 1320 46 (3.5%) 1274 (96.5%)
3 342 9 (2.6%) 333 (97.4%)
4þ 82 4 (4.9%) 78 (95.1%)
No of shopping trips per week (currently) 174
0 (OR per trip) 34 2 (5.9%) 32 (94.1%) 1.03 (0.87e1.21) 0.753
1 1212 34 (2.8%) 1178 (97.2%)
2 1631 46 (2.8%) 1585 (97.2%)
3 963 33 (3.4%) 930 (96.6%)
4þ 650 19 (2.9%) 631 (97.1%)

(continued on next page)
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Table 2 (continued )

Total
n ¼ 4664

Missing
valuesa

Seropositive
n ¼ 139

Seronegative
n ¼ 4525

OR with 95% CIb p

Profession (OR: one profession vs. all others) 209
Nurse 2257 88 (3.9%) 2169 (96.1%) 1.87 (1.31e2.71) <0.001
Physician 776 8 (1.0%) 768 (99.0%) 0.30 (0.13e0.61) <0.001
Administration/Secretary 472 8 (1.7%) 464 (98.3%) 0.53 (0.22e1.09) 0.087
Physiotherapist 181 7 (3.9%) 174 (96.1%) 1.33 (0.52e2.87) 0.498
Other 769 16 (2.1%) 753 (97.9%) 0.65 (0.36e1.11) 0.130
Speciality, if any (OR: one speciality vs. all others)a 0
Internal Medicine 995 31 (3.1%) 964 (96.9%) 1.06 (0.68e1.61) 0.753
Surgery/Orthopaedics 475 14 (2.9%) 461 (97.1%) 0.99 (0.52e1.74) 1.000
Intensive care 289 5 (1.7%) 284 (98.3%) 0.56 (0.18e1.35) 0.280
Emergency department 272 9 (3.3%) 263 (96.7%) 1.12 (0.50e2.23) 0.712
Other 585 18 (3.1%) 567 (96.9%) 1.04 (0.59e1.73) 0.896
Work percentage (i.e. employment level) 0
>80% 2690 90 (3.3%) 2600 (96.7%) ref d

�80% 1974 49 (2.5%) 1925 (97.5%) 0.74 (0.51e1.06) 0.098
Patient contact 269
No 719 12 (1.7%) 707 (98.3%) ref d

Yes 3676 115 (3.1%) 3561 (96.9%) 1.23 (0.85e1.77) 0.263
Involved in AGP 0
No 3228 90 (2.8%) 3138 (97.2%) ref d

Yes 1436 49 (3.4%) 1387 (96.6%) 1.90 (1.04e3.81) 0.037
No of correct standard precaution measures 0
0 to 2 1073 44 (4.1%) 1029 (95.9%) Ref d

3 or 4 2229 55 (2.5%) 2174 (97.5%) 0.59 (0.39 e 0.91) 0.012
5 1362 40 (2.9%) 1322 (97.1%) 0.71 (0.45 e 1.12) 0.146
Adherence to standard precautions 0
Almost always 2829 76 (2.7%) 2753 (97.3%) ref d

If I remember 1227 37 (3.0%) 1190 (97.0%) 1.13 (0.73e1.70) 0.604
Often not possible 320 10 (3.1%) 310 (96.9%) 1.17 (0.53e2.30) 0.589
Poorly 43 2 (4.7%) 41 (95.3%) 1.77 (0.20e7.02) 0.327
No answer 245 14 (5.7%) 231 (94.3%) 2.19 (1.13e3.99) 0.015
Caring for COVID-19 patients 254
No 2348 40 (1.7%) 2308 (98.3%) ref d

Yes 2062 85 (4.1%) 1977 (95.9%) 2.48 (1.68e3.73) <0.001
Physical contact with COVID-19 patienta 1
No (only distant contact) 732 16 (2.2%) 716 (97.8%) ref d

Yes 1329 69 (5.2%) 1260 (94.8%) 2.45 (1.39e4.56) 0.001
Exposure to coughing or sneezing by COVID-19 patienta 1
No 1544 52 (3.4%) 1492 (96.6%) ref d

Yes 517 33 (6.4%) 484 (93.6%) 1.96 (1.21e3.12) 0.005
Protection during close contact; OR for with vs. without

each protectiona,d
0

Any face mask 1275 59 (4.6%) 1216 (95.4%) 0.21 (0.10e0.50) <0.001
Gloves 1125 49 (4.4%) 1076 (95.6%) 0.42 (0.24e0.76) 0.003
Gown 979 41 (4.2%) 938 (95.8%) 0.50 (0.30e0.86) 0.008
Goggles 931 39 (4.2%) 892 (95.8%) 0.54 (0.32e0.91) 0.015
None 47 8 (17.0%) 39 (83.0%) 4.10 (1.58e9.40) 0.002
No of protection measures abovea 0
0 (OR per measure) 44 8 (18.2%) 36 (81.8%) 0.73 (0.61e0.87) <0.001
1 147 12 (8.2%) 135 (91.8%)
2 116 6 (5.2%) 110 (94.8%)
3 157 8 (5.1%) 149 (94.9%)
4 865 35 (4.0%) 830 (96.0%)
Contacts with COVID-19 positive co-worker 254
No answer/don't know 1212 31 (2.6%) 1181 (97.4%) 1.15 (0.71e1.82) 0.564
None 2548 57 (2.2%) 2491 (97.8%) ref d

1e2 times 474 25 (5.3%) 449 (94.7%) 2.43 (1.44e4.01) 0.001
3 or more times 176 12 (6.8%) 164 (93.2%) 3.20 (1.53e6.17) 0.001
Frequency of meals in staff canteen 29
Never 765 10 (1.3%) 755 (98.7%) ref d

Occasionally 659 17 (2.6%) 642 (97.4%) 2.00 (0.86e4.92) 0.083
Weekly 1184 45 (3.8%) 1139 (96.2%) 2.98 (1.47e6.68) 0.001
Daily 2027 66 (3.3%) 1961 (96.7%) 2.54 (1.29e5.57) 0.004
Self-reported PCR resultsa

Negative 792 17 (2.1%) 775 (97.9%) ref d

Positive 72 66 (91.7%) 6 (8.3%) 501 (191e1315) <0.001

Odds ratio (and 95% confidence interval) of being seropositive for participants with a certain characteristic compared to those without it or with a reference level (denoted as
“ref”), or for the increase in seropositivity per unit increase in numeric/ordinal characteristics. OR, odds ratio; CI, confidence interval; IQR, interquartile range; BMI, body mass
index; BCG, bacillus Calmette-Guerin; AGP, aerosol-generating procedure; COVID-19, coronavirus disease-2019; PCR, polymerase chain reaction.

a Some questions have only been asked to a subgroup of participants, therefore the total number of answers for these questions does not add up to n ¼ 4664. See Table S2
how missing values were handled for each variable; see Table S4 for complete case analysis.

b OR (and 95% CI) and p-value derived from Fisher's Exact test for categorical characteristics or from logistic regression for numeric characteristics.
c COVID-19 hotspots before April 2020 (i.e. Northern Italy, Austrian ski resorts or Alsace).
d More than one answer possible.
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Fig. 1. SARS-CoV-2 seropositivity by district (place of residence of healthcare workers) in northern and eastern Switzerland (in grey: no seroprevalence indicated for districts with
less than 10 participants).

Fig. 2. SARS-CoV-2 seropositivity according to four occupational factors, with 95% Wilson confidence intervals: (A) number of protective measures used (among face mask, gown,
gloves, goggles) while caring for COVID-19 patients; (B) number of correctly identified elements of standard precautions (among hand hygiene, cough etiquette, surgical mask in
case of respiratory symptoms, vaccinations, donning of gowns if potential contact with body fluids); (C) number of contacts with COVID-19-positive co-workers; (D) frequency of
meals in the hospital canteen.
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Physicians had lower risk than other professions (aOR 0.2, 95% CI
0.1e0.5). Other significant occupational factors included close
contact with a COVID-19 patient (aOR 2.7, 95% CI 1.4e5.4), exposure
to a COVID-19-positive co-worker (aOR 1.9, 95% CI 1.1e2.9), poor
knowledge of standard precautions (aOR 1.9, 95% CI 1.2e2.9),
likewise having weekly/daily (vs. rarely/never) meals in hospital
canteens (aOR 2.3, 95% CI 1.4e3.8). Sensitivity analyses showed
no relevant confounding by geographic region or healthcare insti-



Fig. 3. Forest plot showing the association of baseline, occupational and non-occupational risk factors with seropositivity based on multivariable logistic regression analysis. For this
analysis, variables from Table 2 were dichotomized and combined into an additive model. Adjusted odds ratios (aOR) were derived from model coefficients, and 95% CI were
obtained though the profile likelihood. See Table S3 for further details on model definition.
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tution (Table S3), nor did the exclusion of missing values (complete-
case analysis) cause relevant changes to point-estimates and sig-
nificance levels for the effects of the risk factors (Table S4).

Discussion

In this cross-sectional study of 4664 Swiss HCWs, 3% of partic-
ipants had SARS-CoV-2 antibodies. The main findings are that
exposure to a COVID-19-positive household member is the stron-
gest risk factor for seropositivity. Meanwhile, living with children
under the age of 12, is clearly associated with decreased risk, even
after correction for multiple confounders. We also identified
several work-related exposures associated with seropositivity
which might serve as leverage further decreasing the risk of SARS-
CoV-2 acquisition among HCWs.

We confirm findings from other studies showing that COVID-19-
positive household contacts are the main source of SARS-CoV-2
infection for HCWs [11,12]. Our findings are consistent with a
Dutch study that concluded that nosocomial transmissions seemed
rather uncommon and that multiple hospital introductions from
the community are probably responsible for most COVID-19 cases
among patients and HCWs, at least in a low-prevalence setting [13].
Of course, this association is most certainly overestimated given
that the directionality of virus transmission cannot be definitely
assessed with our study design.

An important finding of our study is that participants living with
children aged<12 years were less likely to be seropositive. Findings
from a Scottish study among over 300 000 HCW households [14]
and a population-based UK cohort [15] are consistent with our
results. An intriguing hypothesis is that frequent infections in
childhood with endemic coronaviruses (e.g. HCoV-OC43) might
confer partial cross-immunity to SARS-CoV-2. In agreement, youth
and adults aged 15 to 44 years, who are more likely to live with
young children, had higher antibody titres against the HCoV-OC43
nucleocapsid protein than older adults [16]. Also, supporting the
notion of a rather immunological than a purely epidemiological
phenomenon, a German study among over 4000 COVID-19 patients
suggested a less complicated disease course for thosewith frequent
contact to children [17]. However, the protective role of humoral
and cellular immunity against endemic coronaviruses regarding
SARS-CoV-2 acquisition has to be confirmed in prospective studies.

Interestingly, a stay in an Austrian ski resort where at least one
COVID-19 superspreading event had occurred in February/March
2020 was an independent risk factor for seropositivity [18]. Several
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studies have by now identified an association between the ABO
blood group system and acquisition of COVID-19. Consistently,
blood group O is considered to have a protective effect as shown in
our study, whereas people with a non-O blood group (mostly A)
seem to carry an increased risk [19]. We also observed a lower
seroprevalence among active smokers, confirming findings of a
meta-analysis [20]. However, it seems not justified at all to deduce a
protective role of smoking from these results given the greater risk
of worse outcomes among smokers with COVID-19 [20]. As recently
speculated, this “smoking paradox” (lower risk of SARS-CoV-2
infection for current smokers, but greater risk for worse out-
comes in case of COVID-19) might be the result of a confounder
effect [21]. Another potential bias in our study is that smoking
status was self-reported.

An important question is whether HCWs caring for COVID-19
patients are in fact at increased risk for acquiring the disease
themselves. A recent meta-analysis concluded that HCWs do
indeed have an increased risk compared with the general popula-
tion [22]. Also, frontline HCWs in Denmark showed higher sero-
prevalences than other HCWs [23]. Our study confirms these
findings, at least for those with close contact to COVID-19 patients.
Interestingly, physicians were less likely to be seropositive than
other professions, as shown previously [24]. This could be possibly
explained by less patient exposure for physicians than nurses [25].
As shown by Galanis et al., male HCWs had an increased risk in our
study [22]. As opposed to other studies [22], a lower level of pro-
tection was not significantly associated with seropositivity in our
analysis, probably because of the restrictive definition of low pro-
tection. Due to the cross-sectional study design we cannot draw
valid conclusions regarding the individual benefit of single pro-
tective measures such as gloves, gowns or goggles. However, par-
ticipants performing AGPs and those working in intensive care or
emergency rooms did not have an increased risk for COVID-19,
suggesting that current safety measures are sufficient for these
high-risk HCWs. Of note, poor knowledge of standard hygiene
precautions was associated with detection of SARS-CoV-2 anti-
bodies, supporting efforts to continuously educate HCWs regarding
basic infection prevention concepts.

We identified other work-related COVID-19 risks for HCWs.
Exposure to ill co-workers is a known risk factor for respiratory
illness in HCWs, not only for COVID-19 but also for other respiratory
viral diseases [26]. Across all participating institutions, we identi-
fied visits to the hospital canteen as potential risk factor for sero-
positivity. We found one other study which reported staying in the
same HCWs break room and eating in proximity to other HCWs as
risk factor for SARS-CoV-2 transmission [27]. Visiting restaurants
other than hospital canteens has previously been shown to be
potentially associated with higher risk of SARS-CoV-2 acquisition
[28e30]; however, this was not the case in our data. This discrep-
ancy could be explained by the fact that (a) the visitor turnover of
hospital canteens is much higher than in other eating places and (b)
that the probability of a HCWs being infectious is higher than for an
average visitor to other restaurants. We therefore suggest that
hospitals should revisit and potentially reinforce the safety con-
cepts of their canteens and food courts.

Our study has several limitations. First, causality cannot be
inferred between exposures and seropositivity. Second, only one-
quarter of eligible HCWs were included in our study, which might
have biased our results. For example, seroprevalence among all
eligible HCWs might be slightly lower, because nurses, who were
more likely to be seropositive, were overrepresented in our study.
Third, we relied on mostly self-reported data in our questionnaire,
which are subject to recall and other bias. Fourth, we observed
several missing or unknown values in our dataset. Yet, results of the
complete case analysis were very similar to the figures obtained
from the full model. Strengths of the study are its large sample size,
the inclusion of different types of healthcare institutions across a
large geographic area, and consideration of not only occupational
but a broad range of non-occupational risk factors. In particular the
latter differentiates our study from most other seroprevalence
studies performed among HCWs.

To conclude, having a COVID-19-positive household member
had the strongest impact on SARS-CoV-2 seropositivity among our
HCWs. However, we identified several modifiable work-related
risks, including contact to COVID-19 co-workers, poor knowledge
of standard hygiene precautions, and possibly frequent visits to
hospital canteen. Living with children below 12 years of age was
independently associated with decreased risk, an extraordinary
finding suggesting an increased role of cross-immunity.
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